summARY We describe the electrocardiographic changes during everyday activities recorded by ambulatory electrocardiographic monitoring in 67 patients with neurocirculatory asthenia. The findings were compared with the results of ambulatory monitoring in 33 healthy controls. We observed episodes of sinus tachycardia > 120/min unrelated to effort in 60 of the patients, 35 had frequent episodes of pronounced sinus arrhythmia, 16 showed transient ST depression, and six transient ST elevation. All these changes appeared during the patients' routine activities, without any unusual exertion and frequently at rest. Periods of sinus tachycardia and sinus arrhythmia were recorded from the patients during sleep. Cardiac arrhythmias, especially ventricular premature beats, were also much more common in those with neurocirculatory asthenia than in the control subjects. These findings indicate that ambulatory electrocardiographic monitoring provides important information on the electrocardiographic characteristics of patients with neurocirculatory asthenia and helps to establish this diagnosis in obscure cases.
Neurocirculatory asthenia is a multisystemic disease involving the cardiovascular, nervous, and respiratory systems described by Da Costal as "the irritable heart of the soldiers" during the American Civil War. Since then, it has been detected in soldiers and other young adults in several countries23
and called "soldier's heart", "effort syndrome",3 or "Da Costa's syndrome",4 but recently the name neurocirculatory asthenia has become the most popular. The most prominent manifestation of this syndrome is palpitation, but many patients also suffer from praecordial pains, anxiety, dyspnoea, fatigue, and other non-specific complaints. Among civilians, it is twice as common in women as in men. 5 The onset of the symptoms is usually between the ages of 20 and 30. The haemodynamic features of the disease are high cardiac output, reduced peripheral flow,6 and sinus tachycardia, both at rest and in an erect position. These features tend to be exaggerated during effort. 5 Frequently, fluctuations in blood pressure are pronounced.8 The patient's physical condition is often poor; this can be improved by exercise.9 10 In many of the patients ST-T changes in the electrocardiogram are evoked by a change of position" or by effort testing.8 Therefore many of them are erroneously Received for publication II January 1980 diagnosed as suffering from organic heart disease, for example myocardial ischaemia or myocarditis.
In spite of the above quoted studies, no strict criteria for the diagnosis ofneurocirculatory asthenia have been established as yet. The existence of a rapid resting heart rate during casual examination during the day is a generally accepted feature on which this diagnosis is based.4 There are, however, no reliable data on the behaviour of heart rate and other electrocardiographic features in such subjects under "physiological" conditions during everyday activities, emotional stress, or sleep. In this study we describe the heart rate, rhythm, and ST-T changes in patients with neurocirculatory asthenia during their daily activities, recorded by ambulatory electrocardiographic monitoring. Ambulatory electrocardiographic monitoring was performed from one morning to the next both in the group of patients and in the controls. The examinees were requested to follow their usual daily routine, and to keep a meticulous diary of all activities and possible symptoms. These were subsequently related to the electrocardiographic findings. The mode of operating the ambulatory electrocardiographic monitoring system, the positioning of the electrodes, and the technique of interpretation have been detailed in previous reports."3-'5 The Avionics system used in this study was checked for its low-frequency response which fulfilled the American Heart Association (AHA) requirements and recorded satisfactorily the ST-T segment. The magnetic tapes were scanned visually by a trained technician both for arrhythmias and ST-T alterations and the final interpretation was always confirmed by a physician. As in all our other investigations dealing with ambulatory electrocardiographic monitoring, control electrocardiograms were recorded in the supine and erect positions and during hyperventilation. These would reveal any changes caused by posture or respiration.
Patients and methods

Results
HEART RATE
The most consistent finding in patients with neurocirculatory asthenia was the tendency towards sinus tachycardia (Table 2 ). In 23 of the patients frequent episodes of a heart rate of above 150/min were documented during their daily routine, apparently without undue physical effort. None of the control subjects reached such a heart rate during daily activities. In 60 of the 67 patients, periods with a heart rate of above 120/min occurred repeatedly, and all 67 had episodes of sinus tachycardia faster than 100/min during the day of monitoring. In the control subjects only four attained a heart rate above 120/min, while eight reached heart rates of more than 100/min without undue effort. Fig. 1 .
RHYTHM DISTURBANCES
Disturbances in cardiac rhythm were observed more frequently in patients with neurocirculatory asthenia than in control subjects (Table 3) . Ventricular premature beats were detected in 12 patients but in only three control subjects. One patient with neurocirculatory asthenia also had a short bout of ventricular tachycardia (Fig. 2) . Ectopic atrial activity was found in five patients and one patient had transient nodal rhythm.
ST-T SEGMENT ALTERATIONS
Forty-six of the 67 patients with neurocirculatory asthenia had ST-T changes during the monitoring period. The types of the ST-T changes are detailed in Table 4 . The most common findings were flattening or inversion of the T wave (Fig. 3) . ST segment depression of the "junctional" or J point type (Fig. 4) was found in 12 patients. Segmental downsloping or horizontal ST depression O-5 to 1 -0 mm, using the PR segment as the baseline reference (Fig. 3) complexes were identical with those preceding the ST elevation), was seen in six patients with neurocirculatory asthenia and in none of the control subjects; in three of the patients the ST elevation occurred during undisturbed sleep (Fig. 5 activity existing in this syndrome.'7 In contrast to our findings, Cohen and White'8 found only a few abnormalities under basal and rest conditions, and claimed that the anomalies occurred mainly in response to a variety of stresses. This difference may be related to the fact that the important contribution of Cohen and White to the subject of neurocirculatory asthenia in the 1950s was based on findings in routine electrocardiograms, a method which did not enable the episodic and transient changes prevailing in this syndrome to be detected Although a "great lability of the pulse" has been mentioned by Wood4 as a possible feature of Da Costa's syndrome, the presence of sinus arrhythmia has not yet been properly stressed in published reports dealing with neurocirculatory asthenia. The frequency of sinus arrhythmia documented in more than half of our patients emphasises that this may be an important diagnostic feature of the syndrome.
The behaviour of the heart rate during sleep has not previously been investigated in patients with neurocirculatory asthenia. Our patients showed a tendency towards episodes of rapid heart rate during sleep as well as during the day. In 30 of the patients periods with a heart rate above 90/min during undisturbed sleep were observed, accompanied by pronounced sinus arrhythmia and bradycardia. We do not know whether these nocturnal alterations occurred during dreaming periods or changes in body position during sleep. We assume that these changes are an expression of the sympathetic overactivity prevailing also during sleep. Changes in the ST segment and/or T wave are frequently described in patients with neurocirculatory asthenia during provocation tests and sometimes even at rest.8 11 In this study we showed that in most patients these alterations appear during quiet activity, without effort or provocation. They seem to be of the so-called "non-specific" type, namely flattening and inversion of T waves, and "junctional" ST depression. "Horizontal" ST depression occurred only in association with sinus tachycardia. The four patients with this feature also had the other characteristics of neurocirculatory asthenia, that is frequent episodes of resting tachycardia and sinus arrhythmia. A normal thallium-201 stress test ruled out coronary disease in all four. Holmgren et al.8 also found occasional ST abnormalities in patients with neurocirculatory asthenia. A striking finding in our study was the demonstration of periods of ST segment elevation on monitoring in six of the 67 patients. Transient ST segment elevation has been described previously in normal young subjects, especially in blacks,"' and was attributed to autonomic imbalance. In a previous study20 of 174 patients evaluated by ambulatory electrocardiographic monitoring for chest pain and/or palpitation, only seven had ST elevation, two of whom were diagnosed as neurocirculatory asthenia. None of our young control subjects demonstrated this finding. ST elevation may be one of the electrocardiographic characteristics of neurocirculatory asthenia which will be detected more often if 24 hour monitoring is used more frequently for these patients.
Exercise testing is a useful method for evaluation of patients with neurocirculatory asthenia. The excessive tachycardia response to effort, the occasional occurrence of ST-T changes during the period of tachycardia, and the frequently reduced physical capacity, are demonstrable by effort testing.8 11 Ambulatory electrocardiographic monitoring is capable of detecting these changes and can, in addition, provide data on the behaviour of the heart rate and other electrocardiographic indices unrelated to physical effort. In our opinion, tachycardia during rest is more characteristic of neurocirculatory asthenia than is exercise-induced rapid heart rate, and is more frequently related to patients' symptoms. The relation between the symptoms and the episodes of tachycardia can be demonstrated convincingly by ambulatory electrocardiographic monitoring.
We conclude that ambulatory electrocardiographic monitoring is a useful method for assessing patients known or suspected to have neurocirculatory asthenia. Sinus tachycardia at rest during the day and during sleep, an exaggerated tachycardiac response to physical effort, frequent episodes of severe sinus arrthymia, ST-T changes, and characteristic symptoms all contribute to the correct diagnosis of this syndrome. 
